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. , Euclid Jordan $V$ $\Omega$
, $W:=V\mathrm{c}$ $\Omega+iV$ . , Jordan
$W$ Jordan . Jordam
, $\Omega+iV$ Cayley ( (1.1) )
$w\vdash\prec(w-e)(w+e)^{-1}$
. , $e$ Jordam $V$ ( $W$ )
. Cayley $\Omega+iV$ $W$
( \S 2 ) Cayley .
, Cayley ,
-
, $V$ $\Omega$ , $V$
$W$ . , ( 1 Siegel
) $\Omega+iV$ Cayley . \S 4 , [10]
Siegel Cayley ( )
. , Jordan
( $W$ ) $\mathrm{I}_{8}$ : $x\vdashmathrm{X}$ (x)
$w|arrow E-2\mathrm{I}\mathrm{i}(w+E$
Cayley . $E\in\Omega$ .





Jordan Cayley (\S 4 ).
, Cayley ,
, Cayley .






\S 2 Cayley .
{
$V=\mathrm{S}\mathrm{y}\mathrm{m}$($r$ , R) ($r$ )
, $\Omega$ . $V+i\Omega$ $\mathrm{S}\overline{\mathrm{l}}\mathrm{e}\mathrm{g}\mathrm{e}\mathrm{l}$
, $\Omega+iV$
. $W:=V_{\mathbb{C}}=\mathrm{S}\mathrm{y}\mathrm{m}(\mathrm{r}, \mathbb{C})$ Cayley $z=C(w)=(w-e)(w+e)^{-1}$
.
$z=(w-e)(w+e)^{-1}\Leftrightarrow w=(e+z)(e-z)^{-1}$




${\rm Re} w\gg 0\Leftrightarrow e-zz^{*}\gg 0$
. e-zz* $>>0$ , $z$ $\mathbb{C}^{f}$
$||z||_{\mathrm{o}\mathrm{p}}$ 1 ,
$C(\Omega+iV)=$ { $z\in$ Sym(r, $\mathbb{C}$) $|||$z $||_{\mathrm{o}\mathrm{p}}<1$}
, Cayley $C(\Omega+iV)$ .
. Faraut Koriyi
[3] , , Jor-
$\mathrm{d}\mathrm{a}\mathrm{n}$ . $V$ (
) $x,$ $y|arrow xy$ , 2 $x,$ $y$
, $V$ Jordan :





$V$ Euclid Jordan . $V$ $x\vdash+\mathrm{t}\mathrm{r}(x)$ $V$
: $\langle$x|y $\rangle$ $:=\mathrm{t}\mathrm{r}(xy)$ . $x$ $L$ (x) ,
. $\Omega$ $V$ 2 :
$\Omega:=$ Int $\{x^{2}|x\in V\}$ . (2.1)
$\Omega$ , ( ) :
$\Omega=$ {$x\in V|$ $\langle$x$|y)>$ Ofor $\forall y\in\overline{\Omega}\backslash$ {0}}. (2.2)
. $W=V\mathrm{c}$ $\Omega+iV$
, . $W$
Jordan , Jordan , Cayley $C$
:
$C(w):=(w-e)(w+e)^{-1}$ . (2.3)
Cayley (2.3) $\Omega+iV$ , 2 $x,y\in W$
, $W$ $x\square y$
$x\square y:=L(xy)+L(x)L(y)-L(y)L(x)$
. $V$ $W$ ,
$W$ $W$ $z\square z^{*}$
( $z^{*}$ $V$ $z$ ) $||z\square z^{*}||$
$|$z $|:=||$z$\square$z’ $||$ 1/2 $(z\in W)$
$|z|$ ([3, Proposition X.4.1]),
-, .
$C(\Omega+iV)=$ {$z\in W||$z$|<1$ }
, $C(\Omega+iV)$ .
, Sym(r, $\mathbb{R}$) Jordan $\circ$ $A \circ B:=\frac{1}{2}(AB+BA)$ (
) , $\mathrm{h}(AB)$ , Sym(r, R)
Euclid Jordan , (2.1) (2.2)
. Jordan Sym(r, $\mathbb{C}$) $(w+e)^{-1}$
$w+e$ , 2 $w-e$ $(w+e)^{-1}$
, $(w-e)\circ(w+e)^{-1}=(w-e)(w+e)^{-1}$ . ,






$V$ $\Omega$ , $\Omega$ ,
$\Omega$ $G$ (\Omega ),
$G(\Omega):=\{g\in GL(V)|g\Omega=\Omega\}$ ,
$\Omega$ . $\Omega$ . [14]
, $G$ (\Omega ) $H$ $\Omega$ .
$E\in\Omega$ , . $H\ni h\vdash*hE\in\Omega$ ,
$H$ $\mathfrak{h}:=\mathrm{L}\mathrm{i}\mathrm{e}(H)$ $\ni T\vdash’ TE\in V$ .
$x\vdash+L_{x}$ $V$ $\triangle$
$x\triangle y:=L_{x}y$ $(x,y\in V)$
, $V$ clan . , 3
:
$\mathrm{o}[L_{x}, L_{y}]=L_{x\triangle y-y\triangle x}$ ,
$\circ 0$ $x\in V$ \Uparrow Lzbr $>0$ .
$L_{x}(x\in V)$ .
$E$ clan $V$ . , ,
clan ( )
[14].
$\Omega$ clan $V$ normal : $r$
$E_{1},$
$\ldots,$
$E_{r}$ , $E=E_{1}+\cdots+E_{f}$ , $j$ , $k(1\leq j<k\leq r)$




$V_{lk}\triangle V_{kj}\subset V_{lj}$ ,
$k\neq i,j$ $V_{lk}\triangle V_{1j}.=0$ , (3.1)




$V:=\{v=(\begin{array}{lll}v_{1} v_{2} v_{4}v_{2} v_{3} 0v_{4} 0 v_{5}\end{array})$ $|v$b. . ., $v_{5}\in \mathrm{R}\}$ ,
$\Omega:=\{v\in V|v_{1}>0, v_{1}v_{3}-v_{2}^{2}>0, v_{1}V5-v_{4}^{2}>0\}.$
$v\in V$ ,
$\check{v}:=(\begin{array}{lll}\frac{1}{2}v_{1} 0 0v_{2} \frac{1}{2}v_{3} 0v_{4} 0 \frac{1}{2}v_{5}\end{array})$ $\hat{v}:=(\begin{array}{lll}\frac{1}{2}v_{1} v_{2} v_{4}0 \frac{1}{2}v_{3} 00 0 \frac{1}{2}v_{5}\end{array})$
$\text{ }$ . $\Omega$ clan $\triangle$ $v\triangle w=\check{v}w+w\hat{v}$ . normml ,
$E_{1}=(\begin{array}{lll}1 0 00 0 00 0 0\end{array}).$
,
$E_{2}=(\begin{array}{lll}0 0 00 1 00 0 0\end{array})$ : $E_{3}=(\begin{array}{lll}0 0 00 0 00 0 1\end{array})$ ,
$V_{21}=\{v=(\begin{array}{lll}0 v_{2} 0v_{2} 0 00 0 0\end{array})\}$ , $V_{31}=\{v=(\begin{array}{lll}0 0 v_{4}0 0 0v_{4} 0 0\end{array})\}$
, $V=\mathbb{R}E_{1}\oplus \mathrm{R}E_{2}\oplus \mathrm{R}E_{3}\oplus V_{21}\oplus V_{31}$ . $V_{32}$
.
\S 4 Cayley .
Cayley , (1.1) $(w+1)^{-1}$
. $H$ .
$a:= \sum_{j=1}^{r}\mathrm{R}L_{E_{\mathrm{j}}}\subset \mathfrak{h}$ , $\mathfrak{h}$ Lie (Cartan )
. $\mathfrak{h}$ $\mathfrak{n}$ : $\mathrm{n}:=[\mathfrak{h}, \mathfrak{h}]$ . $\mathfrak{h}$ Lie .
, \sim $\mathfrak{h}=a\ltimes \mathrm{n}$ , $A:=\mathrm{e}\psi a$ , $N:=\exp \mathfrak{n}$
$H=A\ltimes N$ . $\mathrm{s}=(s_{1}, \ldots, s_{r})\in \mathbb{R}^{r}$ , $A$
$\chi_{\mathrm{s}}$
$\chi_{\epsilon}(\exp(\sum t_{j}L_{E_{\mathrm{j}}})):=-(\sum s_{j}t_{j})$ $(t_{j}\in \mathrm{R})$
. $H=A\ltimes N$ , $\chi_{\mathrm{s}}$ $N$ $H$
$H\ni harrow hE\in\Omega$ ,
$\chi_{\mathrm{s}}$
$\Omega$ $\triangle_{\mathrm{s}}$ :
$\triangle_{8}$(hE) $:=\chi_{\iota}$ (h) $(h\in H)$ .
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$\triangle_{8}$ $H$ :






$s_{r}.>0\text{ ^{}\backslash }\mathrm{f}\mathrm{f}\mathrm{l}-.-\mathrm{t}\text{ }.\text{ }\text{ }\mathrm{s}>0\text{ }\ovalbox{\tt\small REJECT} \text{ _{}1})$
.
$V \text{ _{ }}C^{\infty}\ovalbox{\tt\small REJECT} \mathbb{E}\backslash \text{ }f\text{ }\frac{1\mathrm{h}}{\pi}u,v\in V\}^{}*_{\backslash }\mathrm{f}\text{ },D_{u}f(v)\cdot=\frac{(d}{dt}f(v+tu)|_{t=0}\text{ }\mathrm{k}^{\backslash }\text{ }V\text{ }\theta)\text{ }$
$|\cdot\rangle_{\epsilon}$
$\langle x|y\rangle_{\mathrm{s}}:=D_{x}D_{y}\log\triangle_{-\mathrm{s}}$ (E) $(x, y\in V)$ (4.1)
, $V$ . $x\in\Omega$ ,
$\mathrm{Z}(x)\in V$
$\langle L(x)|y\rangle_{\epsilon}=-Dy$ $\log\triangle_{-\epsilon}$(x) $(y\in V)$ (4.2)
. $\mathrm{I}_{8}$ : $\Omega$ \rightarrow V . $\langle\cdot|\cdot\rangle_{*}$ $\Omega$
$V$ $\Omega^{8}$ :
$\Omega^{\mathrm{s}}:=$ { $x\in V|\langle x|y\rangle_{\mathrm{s}}>$ 0for $\forall y\in\overline{\Omega}\backslash$ {0}}.
[10, Proposition 3.12] ; $\Omega$ $\Omega^{\mathrm{s}}$ . $V$
$A$ $\langle\cdot|\cdot\rangle_{\mathrm{s}}$ sA , $H$ $V$ $x\vdash+$
$8h^{-1}x$ ($x\in V,$ $h$ \in H) . $H$ $V^{*}$ ( $V$ )
$(\cdot|\cdot)$, $V$ . ; $H$
: $\mathrm{I}_{\mathrm{s}}(hx)=h^{-1}8\mathrm{I}_{\mathrm{s}}(x)(h\in H, x\in\Omega)$. , $;(E)=E$ $\iota\backslash$ .
$V$ $W$ $V$ $\triangle$ $\langle\cdot|\cdot\rangle_{\epsilon}$ $W$
$\text{ }$ [10, Lemma 3.17] , ; $Warrow W$ . Lie
$H$ $H\mathrm{c}$ , $\mathrm{I}_{\mathrm{s}}$ $H\mathrm{c}$ : $\mathrm{I}_{8}(hx)=$
$\mathrm{S}h^{-1}L(x)(h\in H\mathrm{c})$ . $W$ $V$ $w|arrow w^{*}$
, $\mathrm{I}_{8}(w^{*})=\mathrm{Z}(w)^{*}$ .
$\Omega^{\epsilon}$ ,
;: $\Omega^{\mathrm{g}}arrow V$ . $\mathrm{I}_{\mathrm{s}}^{*}$ $\Omega^{e}$ $\Omega$ , $Warrow W$
, $H_{\mathbb{C}}$ : $\mathrm{I}_{\mathrm{g}}^{*}(^{\mathrm{s}}h^{-1}x)=h\mathrm{I}_{8}^{*}(x)(h\in H_{\mathrm{C}})$ . , $\mathrm{I}_{8}^{\mathrm{r}}(E)=E$
. [10, Proposition 3.16] , $\mathrm{I}_{8}$ ; .
;,; . $\mathrm{I}_{\epsilon},\mathrm{I}_{l}^{*}$ $\Omega+iV,$ $\Omega^{8}+iV$ ,
$;(\Omega+iV),\mathrm{I}_{\mathrm{s}}^{*}(\Omega^{\mathrm{s}}+iV)$ ;,; .




. , $\Omega^{8}$ ( ) $\Omega^{\mathrm{s}}+iV$ Cayley
$C_{\mathrm{s}}^{*}$
$C_{\mathrm{s}}^{*}(w):=E-2T_{\mathrm{s}}(w+E)$ $(w\in\Omega^{\mathrm{s}}+iV)$
. [10, Theorem 4.20] , Cayley $C_{8}(\Omega+iV)$ Cayley
$C_{\mathrm{s}}’(\Omega^{\mathrm{s}}+iV)$ .
$\Omega$ $\mathrm{d}=$ $(d,, \ldots, h)$ $d_{\dot{\iota}}:=\mathrm{b}L_{E}\dot{.}(i=1, \ldots, r)$
. , :
4.1. $\Omega+iV$ ( ) , $\mathrm{s}>0$ . , 2
:
(A) $C_{s}(\Omega+iV)$ $C_{\epsilon}^{*}(\Omega^{\mathrm{s}}+iV)$ .
(B) $\Omega+iV$ , $\mathrm{s}$ $\mathrm{d}$ .
, (B) $d_{1}=$ $\cdot\cdot=dr$ $s_{1}=\cdot\cdot|=s_{r}$
( , $d_{i}$ [5] (2.5) 5.11 ).
$(\mathrm{B})\Rightarrow(\mathrm{A})$ 3. (B) . $\mathrm{s}=p\mathrm{d}(p>0)$
$\text{ _{}1}$ $[4, \mathrm{T}\mathrm{h}\infty \mathrm{r}\mathrm{e}\mathrm{m}1.2]$ , $\Omega=\Omega^{\mathrm{s}}$ . (4.1) $\langle\cdot|\cdot\rangle_{\mathrm{s}}=p\langle\cdot|\cdot\rangle_{\mathrm{d}}$
, $\Omega=\Omega^{\mathrm{g}}=\Omega^{\mathrm{d}}$ . $\Omega$ $\varphi$ :
$\varphi(x):=\int_{\Omega}e^{-(x|y\rangle_{\mathrm{d}}}dy$ $(x\in\Omega)$ .
Vinberg [14] $*$
$\langle x^{*}|y\rangle_{\mathrm{d}}=-Dy$ $\log\varphi$(x) $(y\in V)$
. [3, Proposition I.3.5] $*$ $\tilde{E}$ . $\tilde{E}$
Euclid Jordan $V$ . $W$
Jordam . [4, Lemma 5.2] , $x\in V$ $x^{*}=x^{-1}$ .
[4, Subsection 5.2] $\mathrm{I}_{\mathrm{d}}(x)=x^{-1}$ . $x^{*}=\mathrm{I}_{\mathrm{d}}(x)$ . $\langle\cdot|\cdot\rangle_{\mathrm{s}}=$. $p$ $\langle$ .|. $\rangle$ d
(4.2) ; $=$ . $x^{*}=;(x)$ . $\mathrm{I}_{\mathrm{s}}(E)=E$ , $*$
$E=E$. ; Cayley $C_{\epsilon}$ , \S 2 $e$ $E$
Cayley $C$ .
$C_{\epsilon}(\Omega+iV)=C(\Omega+iV)=$ {$w\in W||$w$|<1$} $.$
$C_{\epsilon}(\Omega+iV)$ . , $\mathrm{I}_{\epsilon}^{*}(x)=\mathrm{I}_{\mathrm{s}}^{-1}(x)=x^{-1}$ $C_{l}^{*}=C_{l}$ .
$C_{8}^{*}(\Omega^{8}+iV)=C_{\mathrm{s}}(\Omega+iV)$ . (A) .
’3 $\tau$. $\wedge\cdot$ \emptyset , [5] \S 4 . Vinberg $*$
$\langle\cdot|\cdot\rangle_{\mathrm{Z}}$ , ( $\cdot|\cdot\rangle_{\mathrm{d}}$ .
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\S 5 $(\mathrm{A})\Rightarrow(\mathrm{B})$ .
[4] , 3




$W_{kj}:=(V_{kj})_{\mathrm{C}}(1\leq j\leq k\leq r)$ (3.1) $W$ :
$W_{lk}\triangle W_{kj}\subset W_{lj}$ ,
$k\neq i,j$ $W_{lk}\triangle W_{\dot{l}j}=0$ , (5.1)
$W_{lk}\triangle W_{mk}\subset W_{lm}$ or $W_{\pi d}$ (l $m$ ).
, $j,$ $k,$ $l$ $j<k<l$ . , $w_{kj}$ , $w_{lj},$ $w_{lk}\in W$
$w_{kj}\in W_{kj},$ $w_{lj}\in W_{lj},$ $w_{lk}\in W_{lk}$ .
$\langle\cdot|\cdot\rangle_{\mathrm{s}}$ $\langle\cdot|\cdot\rangle$ , $\nu[w]:=\langle w|w\rangle(w\in W)$ $\nu[iw]=-\nu[w]$
.
, clan
. $w_{lj},$ $w_{kj}$ ,
$S_{lk}:= \frac{1}{2}$ ($w_{lj}\triangle w_{kj}+wkj\triangle$wl$j$ )
(5.1) $S_{lk}\in W_{lk}$ . .














$v_{lk}\in V_{lk},$ $v_{kj}\in V_{kj}$ , [4, Lemma 4.7]:
$||v_{lk}\triangle v_{kj}||^{2}=$ $(2s_{k})^{-1}||v_{lk}||^{2}|\models_{kj}||^{\mathit{2}}$ . (5.2)
$n_{kj}:=\dim V_{kj}(1\leq j<k\leq r)$ $\text{ }$ (5.2) [4, Lemma
4.8].
5.3. (1) $n_{kj}\neq 0$ $n_{lj}\geq n_{lk}$ .
(2) $n_{lk}\neq 0$ $n_{lj}\geq n_{kj}$ .
$v_{lj}\in V_{lj},$ $v_{kj}\in V_{kj}$ E $\mathrm{L},$ ,
$U_{lk}$ : $4(v_{lj}\triangle v_{kj}+v_{kj}\triangle v_{lj})$
(3.1) $U_{lk}\in V_{lk}$ . :
5.4 ([4, Lemma 4.9]). $||U_{lk}||^{2}\leq(2s\mathfrak{d}^{-1}||v_{lj}||^{2}||v_{kj}||^{2}$ .
, 4.1 (A) . , $;(\Omega+iV),\mathrm{I}_{8}^{*}(\Omega^{l}+iV)$
.
1 $s_{1}=\cdots=sr$ . $n_{kj}\neq 0$ . $v_{kj}\in V_{kj},$ $v_{kj}\neq 0$
[ , $z_{1}:=;(E+iv_{kj}),$ $z$2 $:=;(E-i_{kj})=\overline{z}_{1}$ $<$ . $s_{k}>s_{j}$
. $;(\Omega+iV)$ , 2 $z_{1},$ $z_{2}$ $\mathrm{I}_{\mathrm{s}}(\Omega+iV)$ .
:
$\frac{s_{j}}{s_{k}}\frac{2s_{k}+||v_{kj}||^{2}}{||v_{kj}||^{2}}\leq\frac{2s_{j}s_{k}}{(s_{k}-s_{j})||v_{kj}||^{2}}$.
$v_{kj}$ , $|\models_{kj}||arrow\otimes$ $s_{j}/s_{k}\leq 0$
. $s_{k}\leq s_{j}$ .
$\mathrm{I}_{8}^{*}(\Omega^{*}+iV)$ , $z_{1}:=\mathrm{I}_{\mathrm{g}}^{*}(E+iv_{kj}),$ $z$2 $:=\mathrm{I}_{\epsilon}^{*}(E-iv_{kj})=\overline{z}_{1}$
$s_{k}\geq s_{j}$ , .
5.5. $n_{kj}\neq 0$ $s_{k}=s_{j}$ .
$\Omega$ , [1, Theorem 4] , $j,$ $k$
$\{j_{\lambda}\}_{\lambda=0}^{m}(j_{0}=k, j_{m}=j)$ $n_{j_{\lambda-1}j_{\lambda}}\neq 0$
. , $j_{\lambda-1}<j_{\lambda}$ $n_{j_{\lambda-1:\mathrm{i}\mathrm{x}}}$ $:=n_{j_{\lambda}j_{\lambda-1}}$ . ,
5.6. $s$: $(i=1, \ldots, r)$ $i$ .
$S$: $(i=1, \ldots, r)$ $s$ 1
, $n_{lk}\neq 0$ $n_{lj}\leq n_{kj}$ . $n_{lk}\neq 0$ .
$n_{lj}=0$ , $n_{lj}\neq 0$ . 0
$v_{lj}\in V_{lj},$ $v_{lk}\in V_{lk}$ . $z_{kj}:=-^{8}L_{v_{lj}}v_{lk}$ $\text{ }$ [4, Lemma 4.4] $\text{ }z_{kj}\in W_{kj}$
122
, $v_{lj},$ $v_{lk}$ $z_{kj}\in V_{kj}$ . 2
$z_{1}:=\mathrm{I}_{\mathrm{s}}^{*}(E+i(v_{lk}-\mathrm{s}L_{z_{kj}}v_{lk}+v_{lj})),$ $z_{2}:=\overline{z}_{1}$ . $\mathrm{I}_{\mathrm{s}}^{*}(\Omega^{\mathrm{s}}+iV)$ {
, $z_{1}$ $z_{2}$ $\mathrm{I}_{\mathrm{s}}^{*}(\Omega^{\mathrm{s}}+iV)$ . ,
:
$(2s)^{-1}||v_{1j}||^{2}||v_{lk}||^{2}\leq||$ z$kj||^{2}$ .
, $V_{kj}$ $||z_{kj}||^{2}$ , $V_{lj}$
, $v_{lj}$ , $n_{lj}\leq n_{kj}$ .
53(2) ,
5.7. $n_{lk}\neq 0$ $n_{lj}=n_{kj}$ .
3 . .
5.8. $||U_{lk}||^{2}=(2s)^{-1}||v_{lj}||^{2}||v_{kj}||^{2}$ .
$n_{kj}\neq 0$ , $v_{kj}\neq 0$ $V_{lj}\ni v_{lj}\vdash*U_{lk}\in V_{lk}$
. 58 , .
5.9. $n_{kj}\neq 0$ $n_{lk}=n_{lj}$ .
[11, Subsection 55] . 57, 59
( [11, Lemma 5.15] )
5.10. $n_{lk},$ $n$lj, $n_{kj}$ 2 0 , 3
.
[1, Theorem 4] , $n_{kj}(1\leq$
$j<k\leq r)$ ( [11, Proposition 516]).
Vinberg $\Omega$ .
5.11([15, Proposition 3]). $\Omega$
$n_{kj}(1\leq j<k\leq r)$ $j,$ $k$ .
[3, Theorem X. 1.1] $\Omega+iV$ , 4.1 .
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